The thirty seven inbreds of quality protein maize of diverse origin, evaluated in RBD showed significant difference among the inbreds in respect of grain yield and its component traits. The characters like days to 50 % tasseling, days to 50 % silking and days to 75% dry husk were less influenced by the environmental factors because of lower differences in magnitudes between GCV and PCV. On the contrary, the characters like cob girth, number of kernels per row, number of kernel rows per cob and grain yield per plant were much influenced by the environmental factors as evidenced from higher differences in magnitude of PCV and GCV. High heritability with low genetic advances for characters like days to 50% tasseling, days to 50 % silking and days to 75 % dry husk indicated the predominance of non-additive gene action whereas high heritability with high genetic advance was reported for cob weight indicating the role of additive gene action. The characters viz., cob weight, 100-kernel weight, plant height, ear height, and no. of kernels per row were highly and positively correlated with grain yield per plant at genotypic and phenotypic levels. Ear height (0.837), days to 50 % silking (0.526) and number of kernels/rows per cob (0.455) in that order had large positive direct effect on grain yield per plant at genotypic level. Similar trend was also observed at phenotypic level. The indirect effects were generally small with only a few exceptions. A close examination of all the direct and indirect effects of the components traits on yield indicated the presence of enough scope for yield improvement through selection for no of leaves per plant, cob length, no. of kernels per row, cob weight and 100-kernel weight. Based on 14 quantitative characters, the 37 quality protein maize inbreds were grouped into13 clusters following D 2 analysis and Tocher™s method of grouping. Among the yield traits, days to 50 % silking, days to 50% tasseling, days to 75% dry husk, cob weight, 100 kernel weight and grain yield per plant were found to be the major contributor towards genetic divergence. The overall clustering pattern indicated that QPM 3-7, QPM 9-18, and QPM 1110-7-2 were much divergent from rest of the inbreds in the experiment. Similarly, the inbreds of cluster III and XI and inbreds of clusters IX, III and X were distantly and distinctly related to each other. The pattern of clustering as stated above further indicated that there was no strict association between inbreds developed from diverse base populations.
Introduction
Maize is one of the staple food crops and ranks third next to wheat and paddy in production in India. Maize is a highly cross pollinated crop and this phenomenon has been successfully exploited and several hybrids and composite had been developed. However most of the hybrids/composites developed was low in protein content. Breeding methods to improve yield along with increased protein levels may develop quality protein in maize. The invention of heterosis phenomenon, the development of hybrid breeding technology and successful commercial exploitation of heterosis in maize have led to development of a number of genotypes e.g. single crosses, double crosses, varietal hybrids, multiple hybrids, composites, synthetics in different categories of maize including quality protein maize. And the success of hybrid development in maize involving the selected inbred lines depends of the extent of recombination, the extent to which a character is heritable and the genetic control of the characters. Information on genetic parameters of yield and component traits, genetic diversity among the inbred lines and character association among the component traits would help the breeders in selection of desirable inbreds. The present investigation was primarily focussed on studying the genetic divergence in multivariate traits in a selected set of QPM inbreds and to evaluate the association among the yield component traits and yield.
Materials and Methods
Thirty seven quality protein maize inbreds of diverse geographic and genetic origin were obtained from Winter Maize Nursery, Hyderabad. These inbreds were grown in AICRP on Maize, Department of Plant Breeding and Genetics, OUAT, Bhubaneswar during Rabi, 2013 in RBD with three replications. Each inbred lines was represented by 2 lines of 4 meter row length with 60 cm spacing between line to line and 30 cm spacing between plant to plant. Fertilizers were applied @ 20 kg N, 40 kg P 2 O 5 , 40 kg K 2 O per Farm Yard Manure per hectare and recommended package of practices were followed as per the scheduled programme for maize crop. Observations on days to 50 % tasseling, 50 % silking and days to 75 % dry husk were recorded on plot basis and rest eleven quantitative traits DOI: 10.5958/0975-928X.2016.00065.X were recorded on the basis of five randomly chosen plants at appropriate stage. Genetic parameters like PCV, GCV, h², GA of the traits were estimated. Genetic divergence among inbreds was estimated as multivariate measure of D² (Al-Jibouri et al., 1958) . The associations among the traits were estimated in terms of r p and r g (Dewey and Lu, 1959) and the r p estimates of component traits with yield were partitioned into direct and indirect effects by path-coefficient analysis (Rao, 1952) .
Results and Discussion
Genetic parameters of Traits: The inbreds showed wide differences in the traits and analysis of variance revealed significant differences among the inbreds for all the characters studied. The phenotypic coefficients of variations (PCV) ranged from 3.96 % for days to 75 % dry husk to 22.92 % for cob weight (Table 1) .
The PCV estimates showed that the phenotypic variability was low (< 10 %) for days to 50% tasseling, days to 50 % silking, days to 75 % dry husk, number of leaves/plant, cob length, cob girth, number of kernel rows/cob, number kernels/row and shelling %, moderate (10 to 20 %) for plant height, ear height and 100-kernel weight and high (> 20 %) for cob weight and grain yield per plant. The genotypic coefficient of variation (GCV) ranged between 3.86 %for days to 75 % dry husk to 20.78 % for grain yield/plant and followed almost a similar trend as phenotypic coefficient of variation except for the character plant height which fell under low (below 10 %) for GCV. The heritability ( h bs ) estimates w e r e h i g h (>90%) for 50 % tasseling, days to 50 % silking, days to 75 % dry husk and cob weight, moderate (75 -90%) for shelling %, 100-kernel eight and grain yield/plant a n d low (<75%) for characters like plant height, ear height, number of leaves/plant, cob length, cob girth, number of kernel rows/cob and number of kernels/cob. High heritability coupled with high genetic advance (expressed as per cent of mean) was observed for cob weight, which indicated that this character controlled by additive gene action and phenotypic selection for this character would be effective (Ojha et al., 2006 and Bharathiveeramani et al., 2012) . High heritability with low genetic advance were found in case of days to 50 % silking, days to 50 % tasseling and days to 75 % dry husk that suggested predominant gene action in their inheritance reported earlier (Bharathiveeramani et al., 2012) . In the present study classification of 37 quality protein maize inbreds developed at two centres led to the formation of 13 clusters with varying number of inbreds in each cluster. The genotypes falling in the same cluster are more closely related and possess narrow genetic diversity. The result of the present investigation is in good agreement with the previous findings (Hepziba et al. (2013) ; Chen et al. (2007) , Singh et al. (2009) and Shrestha, 2013) .The clustering pattern revealed that the tendency of inbreds developed from diverse populations might be due to similarity in requirement and selection approaches followed under domestic cultivation. The estimates of average intra-and inter-cluster distances (D 2 values) indicated that the highest intra-cluster distance was reported in case of cluster X, revealing the maximum genetic diversity among two inbreds (QPM8-3and QPM8-5), closely followed by Cluster IX which indicated lower magnitude of genetic diversity among different constituent inbreds i.e. HK 1-193-2 and HK 1-193-1 ( Table 2 ). The least intra-cluster distance was reported in case of cluster III comprising of two different inbreds i.e. HK 1-164-7 and QPM 2-4. The spectrum of inter-cluster distance ranged between 37.567(Cluster I and Cluster II) and 310.176 (Cluster III and Cluster XI).The higher inter-cluster distance (average D 2 value) was between cluster III and cluster XI followed in order by between cluster III and cluster X (277.815) and between cluster VIII and cluster XI (263.994) . This indicated that the inbred of clusters III and XI and inbreds of clusters III, VIII and X are distantly and distinctly related to each other. On the other hand, the minimum inter-cluster average D 2 value observed between cluster I and II (37.587) indicated less divergence between the inbreds of respective clusters. Among the thirteen clusters identified, cluster I which included 10 inbreds was not superior with respect to any of the characters studied (Table 3) . However, the mean recorded with respect to shelling % (81.596 %) was more than the respective general mean of 81.375 %. The cluster II, containing three different inbreds was not superior with respect to any of the characters studied. Cluster III comprised of two inbreds was characterized by longer maturity duration i.e. days to 75 % dry husk, higher plant and ear height, possessing more number of leaves/plant and larger cob girth. The cluster VII with two genotypes (HK 1-191-1 and HK 1-164-4) were identified as late flowering while cluster XI with a single genotype (QPM 3-7) was the best for early maturity.In view of the above discussion, it may be concluded that the inbreds from cluster VIII i.e., QPM 1-7 and QPM 2-1 should be selected for developing high yielding hybrid while QPM 3-7 should be selected for early maturity in maize. Among the thirteen clusters identified, cluster I which included 10 inbreds was not superior with respect to any of the characters studied. However, the mean recorded with respect to shelling % (81.596 %) was more than the respective general mean of 81.375 %. The cluster II, containing three different inbreds was not superior with respect to any of the characters studied. Cluster III comprised of two inbreds was characterized by longer maturity duration i.e. days to 75 % dry husk, higher plant and ear height, possessing more number of leaves/plant and larger cob girth. The cluster VII with two genotypes (HK 1-191-1 and HK 1-164-4) were identified as late flowering while cluster XI with a single genotype (QPM 3-7) was the best for early maturity. In view of the above discussion, it may be concluded that the inbreds from cluster VIII i.e., QPM 1-7 and QPM 2-1 should be selected for maturity in maize.
Character Association: The Phenotypic (rp) and genotypic (rg) correlation estimates among the traits followed almost similar trend, though rg estimates in most cases little higher (Table 4 ). In case of genotypic level with a deviation in case of shelling %. A close corresponds between genotypic and phenotypic correlations indicate lesser masking effect of environment of character expression. In general genotypic correlation coefficients were higher than corresponding phenotypic one for most of the character combinations and this was the most agreement with earlier findings (Singh et al. (2009 ), Shrestha (2013 , Khorasani et al. (2011) , Ravi et al. (2012) and Kumar and Satyanarayana (2001 The indirect effects were mostly small with only a few exceptions. For example cob weight had negative indirect effect via days to 50 per cent tasseling, (-0.018), days to 75 per cent dry husk (0.079) and number of kernels per row (-0.001) on grain yield. Days to 50% tasseling and days to 50 % silking, both had negative indirect effects on grain yield via days to 75 % dry husk and shelling%. Plant height and ear height had positive indirect correlations via all the characters except via two traits viz., days to 50 per cent tasseling and days to 75 % dry husk. Similarly cob length, number of leaves per plant, cob girth followed the same results like plant height and ear height. It is revealed from the study that days to 50% tasseling and days to 75% dry husk had negative indirect effect through most of yield attributing characters. The trait, number of kernels per row and number of kernel rows per cob had very small indirect effects via most of the yield contributing traits at the phenotypic level. Similar results were also reported earlier by Singh et al. (2009) , Ravi et al. (2012) and Kumar and Satyanarayana (2001) .
Path-Coefficient analysis:
The phenotypic correlation estimates of component traits with yield were partitioned into direct and indirect effects by path coefficient analysis (Table 5 ). The analysis had high R 2 (89.529) value and residual effect of 0.324. Cob weight (0.575), shelling % (0.236), 100-kernel weight (0.163), number of leaves per plant (0.143) and ear height (0.107) in that order, had positive direct effects on grain yield per plant. The direct effects of days to 50% silking (0.096), plant height (0.021), cob length (0.097), cob girth (0.085) and number of kernel rows per cob (0.006) were of smaller magnitude but positive while direct effects of remaining three characters i.e. days to 50% tasseling (-0.121), days to 75 per cent dry husk (-0.145) and number of kernels per row (-0.001) were negative. The indirect effects were mostly small with only a few exceptions. For example cob weight had negative indirect effect via days to 50 per cent tasseling, (-0.018), days to 75 per cent dry husk (0.079) and number of kernels per row (-0.001) on grain yield. Days to 50% tasseling and days to 50 % silking, both had negative indirect effects on grain yield via days to 75 % dry husk and shelling%. Plant height and ear height had positive indirect correlations via all the characters except via two traits viz., days to 50 per cent tasseling and days to 75 % dry husk. Similarly cob length, number of leaves per plant, cob girth followed the same results like plant height and ear height. It is revealed from the study that days to 50% tasseling and days to 75% dry husk had negative indirect effect through most of yield attributing characters. The trait, number of kernels per row and number of kernel rows per cob had very small indirect effects via most of the yield contributing traits at the phenotypic level. Results were also i n a g r e e m e n t w i t h t h e r e p o r t s of Singh et al. (2009 ), Ravi et al. (2012 and Kumar and Satyanarayana (2001) . Days to 50% tasseling and days to 50 % silking, both had negative indirect effects on grain yield via days to 75% dry husk and shelling%. Plant height and ear height had positive indirect correlations via all the characters except via two traits viz., days to 50 per cent tasseling and days to 75 % dry husk. Similarly cob length, number of leaves per plant, cob girth followed the same results like plant height and ear height. 
